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TH E favourable Reception the Orrery has 
met with fromPerfons of the firft diftinc- 
tion, and from Gentlemen and Ladies in gene- 
ral, has induced me to add to it feveral new im* 
provements in order to gi\/e it a degree of Perfec- 
tion, and diftinguifti it from others ; which by Piracy, 
or Imitation, may be introduced to the Public. The 
two principal additions are a New and Elegant En- 
graved Plate for the Board on which the Inftrument 
moves ; Ihewing by infpeftion the proportional di- 
ameters of the Planets, diftinguiflied by their pro- 
per Charad:ers, including the new difcovered Planet, 
and a rcprefentation of the appearance of a Cometh 
The other addition is a Planetarium, or afet of Plane- 
tary arms, to fcrew on the Board in room of that Part 
which has the Fiarth and Moon only, as fhewn in 
the Plate prefixed to this ; in fadt; I have as far as 
limplicity and cheapnefs, (which are the two great 
advantages of the Inftrument) would permit me, 
endeavoured to complete it for the better introdudlion 
of young Gentlemen and Ladies to the moft pleafing, 
fublime and ufeful of all Sciences, Jjlronomy. 

Part of the Orrery defcribed in the following Pa- 
ges, is con ftrufltcd nearly upon the principle of thofe 
contrived by the late ingenious Mx. Fergufon ; and 
the Orrery having only tour Wheels, and two Pin. 
ions, to (hew all the Phaenomenai it explains, re- 
commends itfelf to the Public for fimplicity and 
cheapnefs ; particularly to Matters and Governefles 
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of Boarding Schools, Private Tutors, &c. For by 
putting fuch an Inftrument as this into the Hands of 
their Pupils, they will acquire more knowledge of 
the moft ufeful and interefting part of Aftronomy in 
one Day^ than by the fludy ot Books in a confidera- 
ble Tune, 

My rcafon for prefixing a (hort Account of the So- 
lar Syftem, is obvious ; it is to prevent the unlearned 
Tyro the trouble and expence of turning to Volumes 
on Aftronomy, to be informed of that only which no 
Orreries f with conveniency) can proportionally re* 
prefent, viz, the Diameters and Diftances of the 
Primary and Secondary Planets there reprefented. 

The few lines on the Difcovery of the new Planet, 
will not I prefume be unacceptable ; as they were in* 
ferted for the information of thofe Readers who have 
heard much concerning it^ but have no opportunity 
of perufing the Accounts lately publilhed In the 
Tranfadions of the Roval Society, &c. / 

To conclude ; the Candor and Forgiveoefs of the 
Reader is here intreated for Errors or Imperfeftions 
he poffibly may difcbver .in the following Pages, as 
they are ^the produdion of one, whofe engagements 
i;i bufinefs will admit but a fmall portion of time for 
an endeavour to explain the moft confpicuous^ and 
interefting Pha^nomena of the Heavenly Bodies, by 
his New Portable Orrery. 
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PART I. 



A Jbprt Account of the Solar Syftem. 

L f^jS^"^ "^ T has been indifputably proved by fe- 
y I ^ veral eminent Aftronomers, and is now 
& A univerfally allowed that the Earth is 

h/^^ji ^ Planet, and with its Attendant the 
Moon, revolves round the Sun, as a central body by 
the fame caufc as the other revolving Planets, Mer- 
cury, Venus, Mars, Jupiter, and Saturn ; viz, an 
attradive power in the Sun, conjoined with a 
projective force, or a motion perpendicular to 
the Sun's attractive or central power ; well repre- 
fented by the motion of a Stone in a fling, where 
the motion that is given to the fling, is the Projeftife 
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Force, and the fling that prevents the Stcne from 
flying off, the attraftive power of the Sun ; alfo, that 
the paths fcalled Orbits) which they defcribe are not 
circular, but rather elliptica', and naore, or lefs fo, 
according to the adjuflment of the above two powers. 

2, ^Is that fyftena of the heavenly bodies which has 
the Sun for it's center, is called the Solar Syftem, I 
ihall immediately proceed to give a fummary defcrip- 
tion ofthefeveral bodies that com pofe it, and fuch 
particulars of each as are the mod remarkable ; an- 
nexing at the fame time a concife defcription of the 
fixed Stars from the accounts of modern Aftronomers, 
who to their honor and credit be it faid, have fpared 
no expence or pains to render the knowledge of the 
conftituent partsof the univerfe familiar and eafy: 

3. The Solar Syftem, or the Syftem of the Planets 
1 am now going to defcribe, is, of all the different 
fyftems that have been invented, the moft ancient, 
and the moft rational to an unprejudiced confiderer, 
for we are informed that it was invented and taught 
by the famous Greek Philofopher, Pythagoras, who 
flouriflied about 500 years before Chrift, and by fe- 
vcral of his followers ; but being loft in the prejudices 
of fenfe and opinion, until about 300 years ago, 
when it was renewed and fupported by the famous 
Polifli Philofopher, Nicholas Copernicus, who was 2 
Native of Thorn. In this he ^was followed and con-* 
firmed by the moft renowned Mathematicians and 
Philofophers that have ever flouriflied; as Kepler, 
Galileo, Defcarties, Gaffendus, and the incompara- 
ble Sir Ifaac Newton, who has eftabliflied this fyftem 
oh fuch a permanent bafis of truth and demonflra- 
tion, as to refift all the efforts of ignorlance and error : 
and from the above philofophers it has received ihe 
various names of the Py thagorean^ Copernican, and 

New- 



( 7 ) 

Ncwtbiilan fyiftem, but now the Solar or true Syilem 
of the World. 

4* There were two fyftems generally believed at 
the time of tijp obfcurity of the Solar Syftem, onfe 
by Ptolemy, an Egyptian Aftronomer, fuppofcd to 
live 138 years before Chfift : The other by a noble 
Dane, named Tycho Brahe born in Schonen, A. D. 
1546. 

$. The Ptolemaic "Syftem, fuppofed the Earth to be 
immoveably fixed in the center of the univerfe^ aftd 
about which moved the ieven Planets, viz. the Moon 
Mercury, Venus, the Sun, Mars, Jupiter, aftd Sa- 
turn, beyond thefe the firmament of fiars^ then two 
chryftaHine Ipheres, all of which receive motion filom 
the Primum Mobile, or firft mover, which revolved 
libout the Earth in 24 hours from eaft to weft« But 
ks this fcheaie was jonly agreeable to appearances.^ 
^hd incapable offianding theteAof art andob&rvation^ 
ft was rejeded as a combination of erroi^ and abfurd* 
ities, 

^. The Tychohic Syfteifi, * was invented after the 
Ptolemaic, but was never fo general ; this fuppoied 
the Earth to be the center of the firmament of Star's^ 
jii5 alfotbe two luminaries tte'Moon and the Sun ; but 

« 

it fuppofed the Sun to be the center of the planetary 
motions, viz. of Mercury, Vienus, Mar^, Jupiter, and 
Saturn ; thefe with the Sun revolved about the Earth 
to account for the annual or yearly motion^ and the 
Earth revolved about its axis every 24 hours from weft 
%o eaft, to account for the apparent diurnal or daily 
motion of the heavenly bodies from eaft to weft« 



* The Tychonic and Copernican Syftems Are both fsmiliarly leprefenC'^' 
«d in (he Planetaiium parts 9f ihe Ortery . 
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This hypotliefis being in part true, and in part falfe, 
was embraced by few, and ibon furrendered to the 
only rational or true fyftem reftored by Copernicus, 
and demonftrated by Sir liaac Newton, viz« 

The Solar Syftem^ 

Which has the Sim for its center, and the Planets 
with their Satellites or Moons, and Comets, revol- 
ving round him iflthe following order, beginning firft 

7* The Sun, an immenfe globe of fire from which 
all the planets receive their light and heat, computed 
to be above 8oo,oco Miles in diameter, and if fo his 
bulk muft be a million times greater than our Earth. 

8* Mercury, the firft planet in the fyftem, at the 
diftance of 32 million of miles, revolves about the Sun 
Sn 87 days and 23 hours. Its diameter is computed to 
be 2600 miles, and its light and heat feven times 
greater than ours. 

9. Venus, the fecond planet, which at the com- 
puted diftance of 59 millions of miles, revolves about 
the Sun in about 224 days, 17 hours. Her diameter 
7906 miles, and light and heat twice as great as ours, 
and is the mofi brilliant planet of any in the Heavens, 
frequently ihewing herielf in the day time: 

10. The Earth, or that planet on which we live, 
Ss the third planet in ordeit from the Sun, and is at 
the diftance of 90 millions of miles from it ; its revo- 
lution about the Sun is in 365 days, and 6 hours, 
moving at the rate of 58000 miles every hour. Thia 
motion caufes the Sun to appear to move round, in 
the Heavens in that time ; alfo it has another motion 
round an imaginary line^ called its zxb, every 24 

hours. 



( 9 ) 

hours, from weft to eaft, which caufes an apparent 
diurnal motion of the Heavens from eaft to weft : by 
this fwift motion of the Earth on its axis, the inhabitr 
ants of London are carried 580 miles ev€ry hour, bc- 
iides the 58000 miles by the yearly motion above- 
mentioned. The earth is 7960 miles in diameter* 
and is the firft planet in the fyftem that is attended by 
a Moon, or Satellite. 

11. The Moon, an attendant of the Earth, re- 
volves about the earth from change to change, in 29 
days and 12 hours, at the diftant of about 240,000 
miles, and is about 2175 miles in diameter, and there^ 
fore about 50 times lefs than the Earth. From the 
motions of the Earth and Moon round the Sun, and 
from the various fituations of the Sun, Earth, and 
Moon, in refpecl to each other arife the viciifitudes 
of the Seafons, Days, and Nights, Eclipfes, &c» 
which, and their caufes the Orrery hereafter to bede- 
fcribed, will evidently reprefent. 

12. Mars, the fourth planet from the Sun, at the 
diftance of 123 millions of miles, circulates about the 
Sun in 687 days, being 4444 miles in diameter, and 
always having a red or fiery afpeiSl. 

13. Jupiter, the fifth planet, is the largeft of all 
the planets, being no lefs than 81000 miles in diame« 
ter, and therefore a thoufand times bigger than the 
Earth, revolves about the Sun in about 12 years, at 
the diftance of 424 millions of miles ; and is attended 
with four Moons fimilar to that of the Earth's, thefr 
diflances and periods being as follow ; the firft Moon 
at the diftance of 229,000 miles from his center, goes 
^ound him in one day 18 hours and 36 minutes ; the 
fecond, at 364,000 miles, in 3 days 13 hours and 13 
ininutess the third, at 580,000 miles, in 7 days 5 
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IrouTS and 59 minutes ; and the foHrth, or laft, at 
t,c6o,ooo of mijes,in 16 days, 18 hours, and 30 min- 
litcs. 

14, Saturn, the moft diftant of the fyftera, being 
about 780 millions of miles from the Sun, and revolves 
about him in nearly 30 years i its diameter is about 
68,000 miles, and it is encircled with a very large 
ring,, at the diftance of 20,000 miles, which is al(b 
the breadth of the ring ; it is attended by 5 Moons, 
'the, diftances and periods of which are as follaw ; 
the firft, at the diftance of 140,000 miles, goes round 
him in one day 21 hours and 19 minutes ^ the fecond^ 
at 187,000 miles, in 2 days 17 hours and 25 minutes ; 
the third, at 263,000 miles, in 4 days 12 hours and 
25 minutes ; the fourth, at 600,000 hiiles, in 15 dayft 
22 hours, and 41 minutes ; and the fifth, or laft, at 
1 million, 800,000 miles^ in 79 diySf 7 hours and 40 
infnutes. 

15. In confequfence of a recent difcovery, we muft 
tttakc an innovation in our fyflcm, for feveral of our 
prefent eniineMt Aftronomers, have fuggfefted to us the 
iidea of a new Planet, from fome obfervations made^ 
and communicated 10 them by Mr. Herfchel, of Bat h^ 
"in the Philofophical Tranftftions for the yeats 1781, 
1782, 1783, or Vol. 71, 72, and 73. Acbhiprehcn- 
five account of this difco very Is lik^Wift givei^ in th^ 
improved London Magazine for 1 78 J, page 1 7, &c. 
Including the calculations, and obfervations of the Ma- 
tKematicians, from which the following is extrafted. 
" Mr. Herfchel ha« fdr many years applied himfeJf 
to the conftru6lihg of Reflefting Telefcopes for his 
amufement, and has fucceed^d fo far, that he makes 
Ihetti to bear magnifying powers of an almoft incre- 
dible bignefs-^not tefs than betweeh fix and feVen 
thouland^ limes i The eflfeft which thefe very large 

magnifying 
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magnifying powers had on the appearance of thfc fix- 
ed flars, in ftiewing many to be double, triple, and 
even quadruple, which were before thought *to be 
fingle ftars, fuggefted to MttHf rfchel the idea of at- 
tempting to difcover the parallax of the fixed flars by 
their means." 

" It was in purfuit of this objqft that Mr. Herfchel 
was examining the fmall ftars near the feet of Ge- 
mini, on the 13th of March, 1781, between the hours 
of ten and eleven at night, when he took notice of 
one vifiblyiarger than the reft, being ftruck with its 
uncommon magnitude, he compared it with H. Cjc- 
minorum; and the fmall Star in the quadrangle, be- 
tween Auriga and Gemini, and finding it fo much 
larger than they, tho' not quite fo brilliant, began 
to fufpeft that it was a comet. To determine this 
point, he examined it with diiFercnt magnifying pow- 
ers, from 722, the power with which he difoovcred 
it, to 20I0 ; and found continHally, that the diameter 
of the Comet (as he fuppofed it to be) encreafed in 
proportion to the power ; contrary to what is qniver- 
fally known to be the cafe, when difl^erent magnify- 
ing powers are applied to the fixed ftars ; But in order 
to obtain abfolute certainty in this point, he mea-* 
fured its diftance from fome of the neighbouring fixed 
Stars, with which he compared it again a night or two 
afterwards, and then found it was changing its fitu- 
ation at the rate of about 2 i" in an hour." 

" AflTured of this, Mr. Herfchel wrote immediately 
to the Royal Society, informing them of his difco- 
very, that other Aftronomers might join in the obfcr- 
vationofit: but not mentioning, in his firft letter, 
that it was neceffary to ufc a very large magnifying 
power, to diftinguifh it from a fixed Stor, they did 
not ijoftmediately difcover it. This point being, how- 
ever 
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erer, explained, the Afironomer Royal, at well as 
profeflbr Hornfby^ of Oxford, deteAed it immediate- 
ly ; and the former almoft ^as foon as he fzw it de- 
clared his fufpicions (extraordinary as the cafe ieeni* 
cd,) that it was not one of that fpccies of bodies which 
we ordinarily call Comets, but a planet belonging to 
our fyflem, of the fame nature udth the reft, although 
^n account of its fmall fize and remote fituation, it 
had efcaped the obfervations of Aftronomers to this 
time,'* 

Thedeiign of this pamphlet will not admit the in* 
iertion of the feveral obfervatiens, and calculations 
of other Mathematicians, and Aftronomers, which 
were made in order to determine its revolution, diam* 
eter, diftance, &c. but the reader may fee an excel- 
lent account of them in the work referred to above. 

The iituation and time of thisNew Planet's motion, 
being determined, Aftronomers fet about calculating 
the time of its revolution, diftance from the Sun, diam- 
eter, elements of its orbit, &c. Accordingly, the com- 
putations of Mr. Lexell, Mr. De LaLande, (the great 
French Aftronomer) and others, make its orbit nearly 
circular, the time of its revolution 82 years, that it 
moves at the rate of 43 (econds per day, its apparent 
diameter about 3 or 4 feconds, its real diameter 
about 4 i times of the Earth, and its real diftance 
near 1800,000,000 miles from the Sun. 

Mr.Herfchel concludes his laft paper in the ift. part 
of Vol. 73 of the Philo. Tranfaaions with " Thus 
much, however, we may in general furmife that the 
diameter of the Georgium Sidus cannot well be much 
lefs, nor perhaps much larger than about four feconds. 
From thiSfifwe will anticipate moreexad calculations 
hereafter to be made ; we may gather that the real 
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of that placet mud be between four and five timei 

'^hat Qf the Earth ; for by the calculations of M* De« 

X^a La^de. contained in a Letter he has favoured me 

"with^ the diAance of the Georgium Sidus is ftated at 

i8,9i3> that of the Earth being i. And if we take 

the latter to t>e leen under an angle of 17'% it would 

liibtend no more than '898" when removed to the orbit 

of the Georgium Sidus. Hence we obtain 4^ — 4^454 

which number expreiTeslhow much the real diameter of 

the Georgium Sidus exceeds that of the Earth/' from 

which we may infer that its real diameter is 36,000 

miles, and its diftance i8oo>ooo,ooo miles as above 

•^ This planet appears very fmall, when viewed 
with the naked eye, or a Telefcope of a fmall power, 
is not greatly different from that of a fixed Star of 
the fifth, or fixth magnitude, being fomewhat leis 
bright than No* 132 of Taurus in FIamftead'sCata« 
logue ; but when examined with a good Telefcope^ 
which magnifies 2^00 times, or upwards, it is far 
otherwife ; as it then appears under a f^nfible diame* 
ter, and its light is more diluted than that of the fixed 
Stars.'* 

It gives me peculiar fatisfaftion to acquaint the 
Reader, that it has received its name by the difco- 
verer, from one of the nobleft of aftions, namely Grati- 
tude; for as he obferves " Pofterlty will receive great 
fatisfadlion in being informed, that this lafl found 
Planet was difcovered in the reign of George the 
Third; and that the name of Georgium Sidus, wili 
fufficiently convey the information of the time and 
country, when and where it was firft brought to 
view," that is, in the reign of one of the beft of 
Monarchs, who, from his excellent bounty, and 
earncfidefire of rendering the lives of thofe comforta-^ 

ble 
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ible and eafy, who labour to the advancemenf of 
iciencefy has patronized the ingenious difcoverer of this 
new phxnomencn. 

i6. Of all human predictions, thofe of t he Aftronomers 
are the moft infallible, witnefs» their calculating 
the time of Eclipfcs, Trarr.its, Periods of the Planeti, 
&c» confequentiy the utmoft confidence ought to be 
placed in their decifions ; and we ought not to fheer 
at the idea of a new Planet, or other Phenomena, on 
account of immenfe diilance, or imperceptibility ; for 
there's no doubt but the Satellites of Jupiter and Sa- 
turn, were as much difbelieved at the time of their 
diicovery, as the exigence of another Planet may be 
at prefent ; if future obfervations, fhould confirm, 
that it has all the properties of the other Planets, w^ 
may, without any extent of imagination receive it 
into our Syftem, as one aAing with the reft in the 
Ca;leftial exhibition of nature. 

17. There are another kind of Planets moving 
round the Sun, beiides what have been juft defcribed, 
called Comets, which are fuppofed to be iblid opaque 
bodies, with long fiery tranfparent tails, ifiTuing from 
that fide which is oppofite to the Sun, and to move 
in very excentric or ov2^1 orbits, and are amazingly 
heated by theif near approach to the Sun» for 
according to Sir Ifaac Newton, the Comet that ap« 
peared in 1680, when neareft to the Sun, was 2000 
times hotter than a red hot iron, and retains its heat 
until its return again, which is in 575 years. This 
Comet at its greateft diftance from the Sun was com- 
puted to be 1 1 000 and 200 millions of miles diftant, 
and at its neareil diAance 490,000 miles, moving in 
its orbit with the velocity of 800,000 miles every 

hour. 
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hour, ♦ The number of Coincts belonging to our ff ^ 
item, i$ uncertain, as they fp feldom fall under tb# 
obfervation of Aftronomers, having fuch very long 
periods, and attended by fuch different appearancei^ 
but by the beft accounts we are informed there is a* 
bout 21, and that the periods of three only are knowiu 

Having now got to the limits of our fyflem we fha|l 
proceed to. the Orrery, after giving an explication of 
thofe bodies in the. Heavens, which have, no connecr 
tion with our Planetary Syftem, (as many do fuppafe) 
but appear fixed, from whenpe they are called, 

i8. The fixed Stars, which are thofe luminaries a- 
bove our heads that in the abience of our Sun coniti* 
lute the fpangled canopy of the Heavens ; and arc 
fuppofed by modern Aflronomers to be Suns, made 
for the fame purpofes as our Sun, each to beilow 
light, heat, and vegetation, ori a certain number of 
inhabited planets, kept by gravitation within th^ 
iphere of its adivity, 

19. The number of the Stars, including thofe that 
cannot be if en without the Telefcope, is infinite ; but 
thofe that are vifible by our naked eyes, limited ; foe, 
in a clear winter's night, without moonihine, there 
is not to be difcerned above 1000, as any perfon may 
convince himfelf by applying to a good Coeleftial 
Globe, where he will fee all the Stars, divided into 
parcels or conflellations, having particular names ta 
each, by which they may eafily be diftinguiihed ii^ 
the Hc4veas. The white p^th feen among the Stars^ 
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<;iog Leaner^ to a kiiowIed|;e of (he Heaveny, 
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is called the Galaxy, or milkj way, and is fuppoied to 
be an innumerable quantity of Stars, which hj their 
combined luftre caufe the white appearance that it is 
attended with. The diftance of the !>tar8 from the 
Earth, and alfo from each oth.er, is fuppoied to be 
immenfurably great, for one of the largeft and moft 
brilliant Stars in the Heavens, thought to be the near- 
eft of any to us, called Sirius, is calculated to be at 
no lefs a diflance than 2,200000,000000, viz. 2 billioni 
and 2 hundred thoufand millions of miles, and that a 
cannon ball difcharged from the Earth with the ?e« 
locityof 480 miles an hour, would not arrive at it in 
lefs time than 700,000 years. Thofe Stars that appear 
the largeft, and have the greateft luftre, are called 
Stars of the firft magnitude; the next in luftre, Stan 
of the fecond magnitude ; and fo on to Stars of the 
fixth magnitude, which are the fmalleft that can be 
difcerned by the bare eyes in a clear ftar-light night. 
The vehement twinkling of the Stars is occafioned by 
the tremulous motion of particles in the Air, for the 
Stars appearing like points, will by every intervening 
opaque particle in the Air be eclipfed, every now and 
then, fo as to caufe a fcintillation or twinkling, but 
the planets appearing larger can fufier no fuch occult- 
ation, hence, here is a certain method of diftinguifh« 
fng the Planets from the Stars : The apparent daily 
motion of the Stars from eaft to weft, arifes from the 
real motion of the Earth on its axis, and the different • 
fets of Stars that we fee at different times of the year^ 
from the real motion of the Earth in its orbit (fee \ 10) 
which with the daily motion will be clearly ihewn in 
the Orrery. There are feveral other curious particu- 
lars of the Stars which this fmali treatife will not ad- 
mit 
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mit mc to enlarge upon, but are fully explained by 
the Authors before mentioned in note to § 15. 

19. Upon a refledion on the nature and properties 
of the fixed Stars here comrounicated to us, what an 
amazing, exquifitely grand, and fublime idea does, it 
afford us, oftheftrufture of the univerie, not com- 
pofed of one Sun, and one World, as the ignorant in 
Aftronomy conceive, but confifting of fuch an incon- 
ceivable number of Suns, Syftems, and Worlds, dif» 
perfed through the infinite abyfs of fpace, that if our 
Sun, with all the Planets, Moons, and Comets, ap- 
pertainingthereto were annihilated, they would be no 
more milled by a perfon who could furvey the whole 
Creation, than a grain of fand from the fea-fhore, 
the fpace they occupy being comparatively fo minute, 
that it would fcarce be a fenfible blank, in the univerfe, 
notwithflanding Saturn, the moft diflant of all the 
Planets, revolves about the Sun in an orbit of 4,884 
millions of miles in circumference, and fome of our 
Comets m^ke excurfions upwards of 10,000 millions 
of miles beyond Saturn*s orbit, and yet at that a ma-; 
zing diftance, they are incomparably nearer to the Sun 
than any of the Stars, and return periodically by the 
efficacy of the Sun's attraftion. 

20. And do not thoufands and thousands of Suns, 
multiplied without end, and ranged all around u^ at 
immenfe diflangcs from each other, * attended by ten 
thoufand times ten thoufapd Worlds, all in rapid mo- 
tion, yet calm, regular, and harmonious, invariably 
performing the paths prefcribed them; Worlds, peo- 
pled with Myriads of intelligent beings, formed for , 

B endlefs 



* So great are the diftancet of fotne of the Stars fnppofed Co be, that 
Mr. Huygens, a celebrated Aftronomer, fuggefted that cbe light of lAaigr of 
them ha4 not >8t reached (he Earthy fince us creation. 
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cndlefs progreflion in pcrfeftion, and felicity : Dcfes 
not this, I fay, evidently convince us of the exifteoce 
of a Deity ? the fiiperlative greatnefs, the infinite wil- 
dom, and the paternal goodnefs of whom, is moft glo* 
rioufly difplayed in this iiupendous fabric of the uni- 
verfc. 

21. What an abundance of delight and rational 
pleafure then, is to be obtained by the ftudy and con- 
templation of the works of the Creator > and bow 
much approbation and encouragement do thofe con- 
trivances deferve, the defign of which is to facilitate 
fuch ufeful knowledge to the underftandings of the 

youth of both fexes? making them both wife and 
happy, not vainly fpending their precious and irre- 
vocable time in the idle and propbane amufements 
of the age, but enjoying it by refearches into the un- 
bounded iield of nature, which will unavoidably lead 
them to confefs with the Pfalmift, that "'tis God 
'^ who hath laid the foundation of the Earth, and 
** that the Heavens are the work of his hands." 

22. Having now finifhed the ihort account of the 
Solar Syftem, defigned to convey ideas of that part of 
Aflronony which Orreries (with conveniency) cannot 
proportionally reprefent, viz. the proportional di- 
fiances and diameters of the primary and fecondary 
Planets, we muil proceed to the defcription of the 
Orrery, which will, to any perfon bellowing the leaft 
attention on it, greatly familiarize thofe phenomena 
of the univerfe it is intended to reprefent, 

EndofParttheFirft. ^ 
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-^ '1 ^Tp O any perfon ever fo little acquainted with the 
X fcience of Aftronemy, the ftrufture of the 
.Orrery, and its ufes are evident by only a bare infpec- 
tion ; but for the benefit of thofe totally unacquainted 
with the fcience, it will be neceffary to give as intelli^ 
gible a defcription as poffible, previoufly defiring 
the learner to pay no refpe6l to the diftanceg and di- 
ameters of the Planets, there reprefented, but for 
information in that point fee § 7 to $ 15, Part I. 

B 2 2. The 



( SLO ) 

2. The Orrery confifls of two Parts, one part hav- 
ing all the Planets and their Satellites -, and the other 
only the Earth and Moon, with a fet of wheels to 
fhew the particular Phaenoraena refpefting the Earth 
and Moon only, 

3. The board on which the Machines turn, has^ pafled 
on it a new printed paper,, coloured and varnifticd ; 
near the outward edge of which are feveral circles: 
The firft or outward circle k divided into the twelve 
months of the year, and the next inta their refpeftive 
days ; the two inmoft circles have the twelve figns of 
the Zodiac, "with their proper charafters and names, 
each fign containing 30 degrees, or the whole 360^: 
this ecliptic circle reprefents Ihat path in the Heavens, 
which the Sun feeras to defcribe in a Year, it being 
properly the path of the Earth round the Sun : (fee 
§io. Parti.) In this ecliptic circle are four letters 
N. W. S. E. fjgnifying the North, Weft, South, and 
parts of the Heavens. 

It has alfo four divifions made by lines drawn front' 
the firft degree of Cancer, the firft degree of Capricorn, 
the firft degree of Aries, and the firft degree of Libra.;, 
between thefe four lines are written the four Seafons 
of the Year, the lines denoting their Beginning, 
Duration, and End, and along thefe four lines arc 
written the length of day and night, andthe diftin6tioa 
of the Equinoxes. 

The inner circle contains a view of the diameters 
of tke Planets, in proportion to each other, and to 
that of a Globe the diameter of the board for the Sun ; 
among them is the new difcovered Planet, the Geor- 
gium Sidus, of the comparative fize now eftimated i 
(fee§ 15. Part I.) and a fmairreprefentation of the 
appearance of a Comet. 

4» For 



4. Fpr tbf5 fak€ of. diftinguiihing one part of the 
©rrery, frpi^ the other ; we will call that which has 
all the Planets reprefented, the Planetarium ^ and the 
^ther which has the Earth and Moon only, the tellurian. 

5. Before we proceed to the defcription of the Plane-, 
tarium, it will be neceffary to learn how to apply 
it to the board for ufe. After taking the Orrery out 
gfthe boxes it ufually is packed in, you muft take 
hold of a' round turned fhould,er or pillar, under the 
board with your left hand, and the wheel A, B. of 
^he frame of wheels (fee the Plate) with your right, 
then turn the board ^ound in a direftion from you, 
or that \yaj which is ufual in unfcre wing, and that part 
will be unlcrewed ; then taking up the Planetarium 
at the part S, fcrew it on by the contrary motion of 
the board, that tJie other was unfcrewed by, taking 
care that it is fcrewed up quite ti^ht. For a view when 
applied fee the plate. 

6. The Planetarium being now properly fixed to 
the board, we muft attend to its parts and ufe. 

The Ball (0) in the center reprefents the Sun in 
the center of the fyftem; next are the PlanetsMercury 
{ J), Venus ( $ ), the Earth G, and Moon J), Jupiter 
(U) and his four Moons; Saturn ( ^;, his ring and 
iive Moons ; now as they are diflinguifhed in general 
by thefe charafters, the learner fliould know them by 
heart, and for that purpofe, the names with the 
char4fters prelBxed are inferted at the bottom of the 
plate^ 

7. The brafs ball for the Sun, is fometimes takep off 
the center, and a fmall tin lamp L. is placed in the 
room of it, by a fide focket, which is made to fit the 
<;enter piece. 

8. The fmall brafs ball K. is oceafionally placed 
where the Earth is, and the Earth placed on the cen- 

B 3 ' tcr 



( « ) 

ter where the large brafs Sun is. This fmall brafs ball 
is to reprefent the fituation of the Sun in the Ptole- 
maic S^'ftem. See § 5. Part !• 

9. The arms of this Planetarium are moved only 
by the hand, yet the principal Phaenomena may be 
cafily reprefented ; to the exhibiting of which, we 
will proceed with a view of the demonftrative proof of 
the falfity of the Ptolemaic Hypothefis C§ 5. part ift.) 

10. Place the Earth on the center, and the fmall 
Sun K. in the place of the Earth, then by moving A/<?r- 
cury^ and FenuSf round the Earth in this SyAem, you 
will plainly fee (i.) That thefe two Planets, being both 
within the orbit of the Sun^ cannot be feen at any 
time to go behind it; whereas we obfervc them as 
often to go behind, as before the Sun in the Heavens : 
(2) It Aews that as the Planets move in Circular Orbits 
about the Central Earth, they ought at all times to 
be of the fame apparent Magnitude; whereas on the 
contrary, we obftrve their apparent Magnitude in 
the Heavens to be greatly variable, and fo far differ* 
cnt, that Mars will fomctimes appear nearly as large 
as Jupiter^ and at other times fo fmall, that you can 
fcarce know him from a fixed Star. (3.) It fhews, 
that any of the Planets might be feen at all dijlancet 
(from the Sun) in the Heavens, or in other Words, that 
when the Sun is in the Weft (fetting). Mercury and 
Venus may not only be feen in the Souths but even in 
the Eaji (rifing) ; which pofitions were never yet feea 
by any pcrfon. (4) You fee by moving the Planets, 
that their Motions would be always regular and uni^ 
formlj the fame \ whereas, on the contrary, we obferve 

them always to move with a variable velocity, fome- 
timtB fafier, thtn Jloiuer, znd fomeiimts not at alL (5 
By the moving o^f them as above, the Planets mov 
all the fame way ; viz. from IVeJi to EaJi, continually 

Bi 
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Biit in the Heavens we fee them move fometimes rf/- 
rtS from Weft to Eafty fometimes Kcingade from Eaft 
to Weft^zxA at other times to htftationaty. All which 
Phenomena plainly prove the Syilem, to be a falfe and 
incmfiftent Hy pot he/is. 

ir. On the contrary, the truth of the Copemican, 
or Solar Syxtera (§ 7.&C. part x.) which has the Sun in 
the Center, and the Earth among the Planets, is 
iereby moft clearly repreiented. For taking the Earth 
from the center, and replacing it, and putting the 
/arge Sun again on the center, then every thing 
will be right, and agree with Coeleftial obfervation? ; 
for by moving the Planets as before, (i.) You will fee 
the Planets Mercury and Venus (as viewed from the 
£arth), go before and behind the Sun, or have two Con- 
jundlions, (z) You will obferve Af(?r^Mry never to be 
Hiore than 21^, sind Fenus 47^, from the Sun. (3; That 
the Planets, and efpecially Mars will be fometimes 
mv^ohndarer to the Earth than at others, and there- 
fore inuft appear much larger at one time than at ano- 
ther. (4) You win fee that the Planets cannot appear 
at the Earth to move with an uniform vel city ; for 
when neareft they appear to move fafter ; and flower 
when moft remote. (5) You will obferve the Planets 
* will appear at the Earth to move fometimes direftly 
from IVeft to Eaji ; then to become Retrogade from Eajt 
to Weftt and between both to be Stationary, or with- 
out any apparent Motion at all, which things all 
correfpond exactly with Obfervations, and fully prove 
the Truth of this excellent Syftem. 

During the above we luppofed, for clearnefs fake, 
that the Earth was motionlefs^ in a line in orreair the 
South, S, of the ecliptic ; but the Phaenomena would 
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happen juft the fame if the Earth was in motion; 
their times and duration being only different. 

12. Thefe few Phaenomena of the Planetary Syftem 
lead us to the method of fliewing the Places, and re- 
lative afpcdts of the Planets ; found by an Ephemeris 
for every day in the Year. 

13. The Ephemeris is a Diary, or daily account 
of the places of the Planets, as they appear to the 
Eye placed both at the Sun, and at theEarth, through- 
out the Year, called their Heliocentric, and Geocen- 
tric Places ; that being the Heliocentric place as fttn 
from the Sun, and that the Geocentric as fcen from 
the Earth. As an example, for finding the places»> 
we will fuppofe the Ephemeris, (by White) at band, 
where at the bottom of the left hand page for every 
month is the Heliocentric Longitudes, (or places) of 
all the Planets, to every fix days of the month; near 
enough for common ufe ; a copy of the table is here 
inferted for the conveniency of the learner ; it is for 
March, 1784; now for an example. 



Days 


Day 

increaf. 


Helioc. 
long. T2 


Kelioc. 
long. It 


Helioc 

long. ^ 


dtlioc. 

!on«.e 


Helioc. 

long. ^ 


Hei loc. 
long, g 


1 

7 
'3 

•9 
25 


3 *» 
3 35 

3 5<^ 

4 23 

4. 47 


i6V:54S 

16 56 

<7 7 

17 17 
17 28 


"7 43 
18 15 

18 47 

19 19 


ic530 
4 23 

10 6 
12 55 


II 11X37 

'7 37 
29 36 

'9 33 


P/35 
10 7 

19 38 
29 s 

8V^3? 


7llls« 
25 23 

11/ 5^9 
^8 33 
KVf49 



We will fuppofe, that we want for the Planeta- 
iium, the Heliocentric places of the Planets, on the 
:^ift, looking at the table we take the igtb Day ; 
which is the neareft, t« the day wanted : then the place^ 
of Saturn fT?) is in 17®. 17. or 17 degrees, (rejecling; 
the minutes) ofCapricornus vs ; of Jupiter (ll) in 18^ 
of Aquarius f cccjl ; of Mars (t) in lo^ of Cancer (^J 

of 
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of the Earth (Q) in 29^ of Virgo (iT^J ; of VtnusCfJ 
in 29*^ of Sagittarius fj^^ ; and of Mercury C^Jitk 
28^ of the fame fign fand fo on for any other day therq 
ipecilied. Upon this depends a very pleafing ^r^* 
omical Praxis, by which you may at any time be able 
to entertain yourfelf in a mod rational and agreeably 
manner; that is to fay, you may in a minute or 
two, reprefent to yourfelf the true appearance of thQ 
Planetary Syftem, juft as it really is in the Heavens, 
for any day you pleafe, by affigning to each planet 
its proper place in its Orbit, as in the following man ^ 
rier, for the 29th of March as before ; the place of 
Saturn as in 17^ of Capricornus f r.v^; now, takipg 
hold of the arm of Saturn, in the PIan€;tarium, I bring 
it over the 17^ of Capricorn, on the Exliptic circle 
of the board; thus doing the fame for the othec 
Planets, they will have their proper Heliocentric 
places for that day. 

14. Now at this fituation of the Planets, we obT 
ferve, that ifa perfon was placed on the Earth, ht . 
would fee Venus and Jupiter in the fame line, confc* 
quently in the Heavens they would appear together, or 
in conjunftion; Mercury a little to the left, or eaft* 
ward of them, and nearer to the Sun : Saturn to the 
right, or the weilward farther from the Sun : Maj$ 
diredly op polite to Saturn ; fo that when Saturn ap^ 
pears in the Weft, Mars appears in the Eaft, and^ 
vice verfa. There are many other afpefts evident 
by the learner's infpedlion, and if you comfure them 
to the Planets in the Heavens, they will be found tQ 
correfpond exaftly: thefe are the Geocentric places. 
Several other curious and enteitaining particular! 
may be obferved, as depending on the above, and ca^ 
&ly be reprefented by the le^rner^ as his progrefs ii) 
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Aftrbnomy encreafes ; one in particular is worth no* 
ficing: If the Planetarium is fet by a white wall, and 
the Mmp placed thereon, Iig;hted with oil, and 
a very (lender wick of cotton ; then by moving the 
fatellites of Jupiter and Saturn round the Planets, the 
projeftion of their fhadows will (hew the realbn why 
thole Moons always appear on each fide of Jupiter, 
and Saturn in a right line; why thefe which are moll 
lemote, appear neareft and vice verfa. 

15. Thus I have endeavoured to point out to the 
learner the way of exhibiting the principal and moll 
entertaining Phamomena of the Planetary Syftem, 
which may be called the firft and fundamental Princi- 
ples of Praftical Aftronomy ; and prepares the Pupil 
to enter on another interefting and ufeful part, viz. 
the knowledge of the nature and caufes of the viciffi- 
tiules of tfie Scalons, Days and Nights, Eclipfes, &c. 
the explication of which is feen by the other part of 
the Orrery, namely the Tellurian, The manner of 
applying which is the fame as the Planetarium, fee § 

5- 

16. The Tellurian being fcrewed fall to the boards 

the brafs ball reprefents the Sun as before. 

The Ivory Ball, with feveral circles cut on it, de- 
notes the Earth, and the brafs pin that it is fupported 
on, the Axis of the Earth ; this brafs pin has an in- 
clination to the board on which it goes round, there- 
by giving the Earth its proper pofition, called by A- 
llronomers, the inclination of the Earth's Axis to 
the plaive of the^cJiptic. This pofition never varies, 
and is therefn^re ternl\8;d the Earth's parallelifrfl to it- 
felf ; It is \\\\S invariably pofition of the Earth, that 
caufes the vici(Iitudes of thb Seafons, and the different 
length of days 4nd nights* 

The 
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17. The top of the pin on which the Eatth ttirm b 
c^lbd the North Pole, the bottom the South Pole; 
the two circles near thefe two Poles are termed Polar 
Circles, the upper one the North Polar Circle, and 
the under one the South Polar Circle ; the. two circle! 
next to thefe are called the Tropics, the upper, the 
Tropic of Cancer, the under, the Tropic of Capri- 
corn ; the circle Ln the middle between the Poles is 
called the Equator, becaufe it equally divides the 
Earth; for when the Sun is over that part of the 
Earth, it is equal Day and Night all over the Globe. 
There is another circle, which crofTes the Equator^ 
and touches the Tropics in two points ; this circle rc^ 
prefents the path over the Earth that the Sun makes 
in a year, and is called the Ecliptic. 

18. There are twenty-four other circles, called Meri* 
dian Circles, all meeting at the Poles, and croffing 
thofe juft mentioned, thefe anfwer to the twenty-four 
liours of the day, in which time the Earth turns once 
round its Axis, making one day and one night, as 
will be fhewn hereafter. 

19. There is a fmal! piece of brafs put on the Earth, 
nearly between the upper Tropic and Polar Circle, 
(Tee the plate) which reprefents the place of London 
on the Earth, by which the various changes that this 
metropolis undergoes is more clearly ihewn. 

20. The femicircular brafe w ire that is fufpended over 
the Earth, reprefents the boundary of light and dark- 
nefs thereon, for that half of the Earth on that fide 
of the wire which is next the Sun, is called, the en- 
lightened Hemifphere, and the half on the other fide 
the darkened Hemifphere. 

21. Thefmall plairf ivory ball, denotes the Moon, 

and is carried round the Earth in 29 i days, by means 

of 
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eftliebrafs arm, that communicates with the wheel 
ivork in the frame. For onfr revolution of the Earth 
round the Sun, this Moon goes 12 times and one thiiidl 
round the Earth, the fame as the Moon in the Hea* 
Tens« The Moon is fixed on a wire, which moves 
up and down in a focket at the arm before mention* 
ed, fo that the moon may have her proper inclined 
motion in refpeft to the Earth's given her by the help 
of a 

22. Flat brafs open rim, C. D. fixed under the Earth, 
moveable two ways, viz. either horizontally, or ver* 
tically, fo that when any inclination is given to thit 
rim or orbit of the Moon, any pofition of thisindi* 
nation may be given to it, and by that the exa6l iiv- 
clined motion of the Moon in her orbit is reprefented, 
as alfo the Moon's Nodes ; for that joint of the rim 
where it caufes the Moon to begin to afcend above 
the orbit of the Earth, is called the afcending Node, 
and the oppofite joint of the rim the defcending Node : 
tbefe two Nodes, in the Heavens have a retrogade 
motion through the Signs of the Ecliptic in 19 yeart. 
The true pofition of them for any particular time may 
eafily be found, as their places in the Ecliptic are in 
the Ephemeris, for the given year, and their places 
may be fet in the Orrery accordingly, by means of 
another 

23* Rim, E. F. fixed under'the one above mentioned, 
baving all the Signs and Degrees of the Ecliptic in- 
ierted on it, which Signs the learner fhould know by 
heart, fo as to call them by their names when feen« 
This Ecliptic circle alfo ferves to fliew the Moon's 
place in the Heavens, as feen from the Earth, anfi 
alfo the diiiance from the Sun that ihe appears to have 
at any fituation of her iq her orbit ; for this Ecliptic 
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as well ats the orbit of the Moon, and the Earth, Iceept 
itsparallelifm, or all the Signs and Degreqs parallel 
to thofe on the board, in its revolution round the Sun^ 
with the Earth. 

24. Under the above two circles, is a Card, or Plate^ 
which is fixed to the frame of wheels by two fcrews j 
this card has the age and phafes of the Moon on it, 
with the initial letters N, M. 1 Qr. F, M. 3 Qr. ifig- 
nifying, that when the wire arm that carries round 
the Moon is over any of thefe letters, it is according 
to the letters the wire is over, either New Moon, the 
firft quarter of the Mobn ; Full Moon, or the third or 
JaftQuarterof the Moon ; alfo, when the above arra 
is over any Phafe and Number, it fhews the quantity 
-of light on the Moon that appears to the Earth at the 
age there figured* 

25 • The fmall tin lacquered lamp (L) given with 
the Orrery, is to be lighted with oil, atid a 
very flender wick of cotton, then to be placed on the 
wire, that the brafs ball denoting the Sun is fcrewcd 
to, which brafs ball muft be unfcrewed, and tl\e 
focket at the bottom of the lamp put on in the roonti 
of it ; when the lamp is ufed, the room where the 
Orrery is ufed fliould be made quite dark. This lamp 
has an excellent eflfeft in the ufe of the Orrery, for 
all the Phaenomena it is capable of reprefenting are, 
as it were realized by the light of the artificial Sun. 

Having defcribed the component parts, we now 
proceedto the ufe of it, wherein I fhall give only a 
few examples, for there are a great many particulars 
to belhevvnbyit, vC^hicb the learner will perceive as 
he encreafes his knowledge in Aftronomy, but could 
not be inchided in this fmall tradl. 

The^ 



( so ) 

i6 Thcfirftthingneceflary intbe ufeof theTellif 
thin is, to reatfy it, which is done by ^bc following 
means* 

At the end of the frame neareft the Sun, is a long 
brafs wire, ferving as an Index to point out the feveral 
places of the Sun, as he appears to move through by the 
Earth*8 annual motion, fo that when this Index points 
out the Sua in any particular fign and degree, it is 
evident that the place of the Earth is in the oppofitc 
fign and degree of the Ecliptic ; as for example, lay 
hold of the round ihoulder turned on the under fide of 
the board with one of your hands, or place the board 
fleady on a table, and then with the other hand turn 
ifie frame of wheels round, by a fmall ivory handle ^H^ 
fixed on the end of the frame fartheft from the Sun, 
'till the Index points to the 21ft of June, or to the firft 
degree of Cancer, which indicates that at that time 
of the year, the Sun appears to be in the beginning 
of Cancer, and the Earth in the beginning of the 
oppofite fign, viz, Capricorn, obferving at the fame 
lime, if the fign of Cancer and Capricorn on the board 
are in a line with the figns Cancer and Capricorn on 
the fmall Ecliptic under the Earth ; if not, move the 
fmall Ecliptic about 'till they are fo : obferve alfo, 
that the inclination of the Earth's Axis is towards the 
fign ofCanctr, and if it is not, move its fupporter 
round the fleel wire until it is fo ; then turn the frame 
round, until the Index points to the day of the month 
you would retftify it for ; as fuppofe now for June ift, 
1782, the Index ihews that the Sun is then in the loth 
of Gemini, aiul confequently the Earth in the loth of 
Sagittarius ; then looking in an Ephemeris or Alma- 
nack for the given year, for the place or age of the 
Moon, we find that the place of the Moon is in the 

24tll 



( SI > 

24th of Aquarius, and her age is 20 day^^ whiclr 
place or age fet in the fmall Ecliptic (fee §23) or 
the Card (fee § 24). The place of the Moon's Af- 
cending Node I alfo find in the Ephemeris is in th» 
13th degree of Aries, I then bring the middle or axi$ 
of one of the joints of the flat rim (fee § 22) over that 
degree and iign, in the fmall ecliptic, and elevate the 
rim in fuch a manner that the half of it which b 
over Aries, Taurus, Gemini, &c« may be about a 
quarter of an inch higher than the other half, efti- 
mating at thofe parts of the rim that are farthcft frona 
the joints, taking care that while the Moon and thk 
rim are fetting, the Earth is kept in the pofition as 
before le\ ; then is the Orrery rectified for any paii qh 
future time, and ready to be put in motion, firft ac- 
quainting the learner, that there is not to be expedlel 
any calculations from it, the fmallnefs of the iizenot 
admitting it to be done with any accuracy, beinr 
only pradlicable on the large Orreries, Globes, &c. * 
27. Still keeping the Earth in the above pofition; 
turn it round its Axis, with your finger, the fame 
way as the order of the fignsis : this motion will th^n 
reprefent the daily motion of the real Earth round 
the imaginary Axis ffee § 10, Part I. and § 16, of ihisj 
in 24 hours. As you keep turning the Earth, the bra6 
piece denoting London, will when in the middle of 
the enlightened half of the Earth, fliew, that the- 
Sun is then on the Meridian, or it is Noon ; but as 
you keep turning the Earth, London will Be broughit 
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to thfe boundary wire, the Sun then to the Londoners 
is beginning to fct, and when London is paft the wire 
the Sim is quite fttj it being to them evening, and 
Gonfequently in darknefs ; when it is in the middle 
. of the other Hemifphere, it is to them midnight, but 
arriving at the other fide of the boundary wire, the 
Sun begins to rife, and London then enters the en- 
lightened Hemifphere, called Morning; and fo on 
as before. The different lengths of days and nights, 
will be explained in the following reprefentatiou of 
the four Seafons, Spring, Summer, Autumn, and 
Winter. 

i6. Now move the frame of wheels on, according 
to the order of the months or fignsj until the Index at 
the end of the frame points to the 20th of March, or 
the firfl degree of Aries, fignifying that the Sun on 
the 20th of March, enters the fign of Aries. Now 
looking at the Earth you will perceive that the Equa- 
tor (Tee § 17, of thisj is oppofite to the center of the 
Sun, or that the Sun is over that part of the Ecliptic, 
which crofles the Equa,or and afcends to the Tropic 
of Cancer f§ 17 of thisj, andthat the North Pole is ex- 
actly under the boundary wire ; that the number of 
circles on each fide of the wire is twelve, and by 
turning the Earth round its Axis we find that there is 
always that number, and as one half of the Earth is 
in the light, and the other half in darknefs, confe* 
quently on the 20th of March there is equal day and 
night all over the Earth ; this is called the Vernal 
Equinox, and the feafon of the year Spring. 

17. Moving the frame gently on, you will perceive 
the North Pole to come more and more into the light, 
and the quantity of hour circles or Meridians between 
the Equator and the North Pole, to encreafe, and 
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cofiiequently the length of days at that part of the 
Earth, thofe having the longer days who live nearer 
the Pole. Turn the Earth roundits Axis and you will fee 
that thefituations of London, atSun-rifingand at Sun- 
fetting, is at the diilance nearly of i6 hours f , and at 
Sun-fetting to Sun-rifing about 7!, which is the 
length of day and night at this time of the year, at 
London, being the 2ift.of June; and as the Sun is 
over that part of the Ecliptic, which touches the tro- 
pic of Cancer, it is to the Northern Inhabitants the 
longeft day and fhorteft night, and the middle of that 
feafon of the year, called Summer. 

30. Continuing to move the frame on, you will 
perceive part of the polar circle to retire under the 
boundary wire, until the 23d of September, or when 
by the Index the Sun enters Libra. On that day the 
position of the Earth is every way the fame as it was 
on the 20th of March (fee §28 of this) only at this 
time of the year it is called Autumn, or the Autumnal 
Equinox. 

31. Proceed to move the frame on, in doing which 
the polar circle will be diminifliing until the 2 ill of 
December, when the Sun enters Capricorn, and is 
over that part of the Ecliptic on the Earth, that 
touches the Tropic of Capricorn; when the North 
polar circle will be entirely in the dark hcmifphere, 
and the quantity of hour circles on the north- fide of 
the Equator lels in the enlightened hemifphere than 
in the dark hemifphere. The pofition and affediiont 
of the Earth this day are in all refpefts the reverfe of 
thofe on the 2xft of June« and the time of the year it 
:alled Winter. 

32. Turning the frame 'till the Index points to the 
itoth of March, the year is then compleated, and the 
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